The analysis presented here focuses on mapping, based on publication output, the scientific collaboration of African based researchers and the role of the South African research community as a channel for within-and intercontinental collaborations. We have selected 10 scientific fields, namely, Tropical Medicine, Parasitology, Infectious Disease, Ecology, Water Resources, Immunology, Zoology, Plant Sciences, Agricultural and Food Sciences, and Psychology to gain a clear picture of the aforementioned scientific activity. As a first step, we created cooperation networks and visualized them on world-maps. In addition, centrality measures of the network were calculated to see the frequency of involvement regarding different countries, with a focus on South Africa, in the collaboration process. Furthermore, first and last authorship positions of the publications were summed to highlight the influence of the selected authors on the direction of and resources provided to the publications. Finally, the most prominent funding organizations and their focus on the selected fields were singled out. Through combining these steps of analysis, we gained an accurate picture of the level of involvement of the South African research community in within-and intercontinental scientific collaboration.
Introduction
In recent decades, scientific collaboration has been a significant part of emerging research communities as, by 2016, 60% of the total scientific publications were internationally coauthored (UNESCO 2010; NSB 2016) . The relationships between organizations, authors, and/or governing bodies can be manifested in multiple ways. Even though collaborative research increasingly gains value among researchers across the world, the evaluation of 1 3 these relations is still poorly understood (Klein 2008; Yegros-Yegros et al. 2015) . Discussions about the quality and quantity of intra-and internationally collaborative research have taken place over a diversity of forums, and consequently, it will be essential to facilitate broader integration of the research evaluating and investigating this collaborative research (Klein 2008; Mâsse et al. 2008; Yegros-Yegros et al. 2015) .
The analysis presented here focuses on mapping, based on publication output, the scientific collaborating activity of African authors, with a specific focus on studying the role of the South African research community as a channel for intercontinental collaborations. The analysis of the publications will be focused on: scientific fields to determine differences or similarities among them, authorship positions to determine the leadership on the research, and funding analysis to determine the financial leadership of the research. The research questions that triggers this study is to what extend African researchers are integrated in the international collaboration network and what is the specific role of South African researchers.
Literature review
In order to analyse scientific collaboration, some theoretical principles has already been considered. Starting with the variability of goals, the process of integration or transcendence of single fields can be viewed as an epistemological investment to produce a wider and more accurate pool of knowledge on the investigated phenomenon (Klein 2008 ). This endeavour is based on the collection and reformation of theoretical attributes, procedures, and skills (Sonnenwald 2007) . The collaboration occurs at the level of researchers while institutions take a secondary but vital role of supporting the realisation of the connection between the authors (Sooryamoorthy 2013b ). In addition, there is a high emphasis on methodological interdisciplinarity as it provides the integrating medium that can capitalize on the different theoretical approaches (Mâsse et al. 2008; Sonnenwald 2007) . However, it is crucial to consider that contribution from researchers is measured via variability of criteria and indicators based on field specific metrics that are unlikely to be compatible across different scientific areas. Besides the field specific differences, it is crucial to highlight that the relative contribution to each field has been distorted by certain geographic biases. Sooryamoorthy and Shrum (2007) found that in South Africa, in particular, the introduction of Internet technology curtailed the hindrances that fuel geographic biases and deny the possibility of international cooperation. Furthermore, the involved funding organizations have been specifically tailored to research topics that accommodate western researchers and research practices (Mâsse et al. 2008) . This is a clear after effect of the extended influence of colonialism that limited the resources and directions according to western interests on the African continent (Beaudry and Mouton 2017) . Due to this bias, prominent funding organizations focus on western research interests, which are not necessarily in alignment with the African continent`s R&D priorities (Beaudry and Mouton 2017) .
With the above in mind, we need to be careful in how to evaluate the indicators of collaborative research in the current scientific world (Hicks et al. 2015) . Furthermore, effective leverage on integration is important. It is necessary to focus on not just on outcomes, but also on the processes of integrative research by, for example, providing transparent descriptions of everyone's capabilities and background knowledge, so that the emerging project can maximize the effectiveness of the collaboration (Sonnenwald 2007; OECD 2016; Sooryamoorthy 2013b ). In addition, recognizing the importance of social and cognitive aspects of collaboration can smooth out the process of interaction between cooperating researchers (Mâsse et al. 2008; Sonnenwald 2007) . The continuous and systematic interaction of collaborators and subgroups of the project diminish the possibility of failure of the project (Klein 2008; Evans et al. 2011) . It is important to engage in clear and effective management and coaching of the common project (Sonnenwald 2007) . To make this happen, the members need to introduce common boundary objects, integrated decision-making platforms, and consensus building processes (Klein 2008) . Finally, scientific collaboration needs to be built on transparent feedback systems between researchers both inside and outside of the immediate network of collaborators. The dynamic evaluation of each-other's work, the relative contributions of collaborators, and the overarching progress of the project need to be clearly interpretable by all the involved parties (Roper 2002; Sooryamoorthy and Shrum 2007) .
Specific issues regarding international collaboration within Africa
It is important to clarify if and how collaborative research can circumvent emerging power imbalances in African scientific contributions that have been introduced and reinforced by colonialism (Briggs and Weathers 2016) . As Nhemachena et al. (2016) argues: "African culture since the colonial era originated from methodological practices that took Africa as a "field" without organic cultivators. Such [a] conceptualization of Africa merely as a field for mining "raw data" has legitimized centuries-old (neo-) colonial epistemic and methodological experiments on the people of the continent." (See pp. 15). This detrimental epistemological approach to African scientific contributions necessitates the rigorous and critical evaluation of the current intercontinental influence on African research collaborations. This current paper aims to reflect on the potential steps that the international scientific community needs to take in order to organically involve the highly valuable and impactful contribution that comes out of the African continent.
Regarding collaboration among African researchers, African researchers tend to collaborate within their own countries than within their own organization. Least frequently, they tend to cooperate with researchers from other African countries (Beaudry and Mouton 2017) . In the case of South Africa, research institutes contribute most often to within-country collaborations while universities predominantly contribute to international collaborations (Sooryamoorthy 2013a) .
In terms of intercontinental collaboration with the African continent, some authors show that it is very important for the future of African research to establish a balanced partnership with researchers and institutions located in Africa and ensure that the quantity and quality of involvement is equally discussed and agreed upon (Dodsworth and Cheeseman 2017) .
In parallel to the described cooperative trends, it is important to note that international cooperation is frequently present in the case of publications that are produced by authors with the highest scientific impact (AOSTI 2014). According to the African Observatory of Science, Technology and Innovation (AOSTI), the top 500 most cited African researchers 'have more than 50% of their publications co-authored, primarily with researchers outside Africa' (AOSTI 2014: 38) .
International and domestic funding
Finally, it is necessary to mention the impact of the source and nature of funding that supports each publication within these collaborations. The evaluation of the involvement of international and domestic funding organizations is relevant to determine the potential goals and challenges of each publication (Beaudry and Mouton 2017; OECD 2016) . The influence of these institutions, in addition to providing funds for the publication, mainly affects the continuity of research programs in African countries (Beaudry and Mouton 2017) . They function as donors for R&D projects, or work as the integrating body for international and/or intercontinental collaboration (Sonnenwald 2007; OECD 2016) . In addition, they are potential providers of employment for local scientists and providers of facilities and technology that are, currently, not accessible in the countries receiving the funding (Beaudry and Mouton 2017) .
The aforementioned attributes of integrative scientific research collaboration are fundamental; each research community has its own features that potentially vary based on the involved fields, geographic location, underlying organizations, institutes, and funding (Evans et al. 2011; Sonnenwald 2007 ).
Methods
Our approach is based on a quantitative analysis of scientific publications in journals processed in the Web of Science (WoS) versions of the Science Citation Index and associated citation indices. These are the Science Citation Index (SCI), the Social Science Citation Index (SSCI), and the Arts & Humanities Citation Index (A&HCI). The Centre for Science and Technology Studies (CWTS) database contains these records. The publication proceedings database within the WoS database is not included in this study. Below, we present the different steps followed for the selection of the dataset and the analysis.
Selected scientific fields
As a first step, we selected 10 scientific fields that are largely influential regarding the number of publications originating from African countries as well as contributing significantly to the global output in those fields (Beaudry and Mouton 2017) . They serve as indicators to map the scientific cooperation involving the African continent and identifying South Africa as a beacon in this process. These fields consist of Tropical Medicine, Parasitology, Infectious Disease, Ecology, Water Resources, Immunology, Zoology, Plant Sciences, Psychology, and Agricultural and Food Sciences. Psychology was selected to gain insight into the impact of a scientific field that is radically different from the rest of the fields that all fall under the category of physical sciences. Furthermore, partnerships among African researchers and development organizations have a long tradition in technical fields, as well as fields that are tied to the continent's geopolitical situation and natural resources (Beaudry and Mouton 2017).
Selection of authors
Within these fields, we have selected authors that published between 2000 and 2017. In addition, we have created three groups based on the registered location of the affiliated institution of the authors. The first group included authors who have published mainly 1 3 under an address of a South African institution. The next group included authors who have published mainly under an address in any African country other than South Africa, which gives a continental overview of the publication frequency in the field. Finally, the last group consisted of authors who have published mainly under an address outside of Africa. Additionally, we have filtered out authors who have published either the same or more publications than the mean quantity of publications within the respective field (see Table 1 ). Even though the Standard Deviation (SD) of the distribution of publications tends to be quite high (see Table 1 ), we have used the mean value as a cut off limit as it has been established as a standard (size independent) indicator of individual productivity (Ruiz-Castillo and Costas 2014) .
After the accommodation of the prior mentioned filters, we listed the amount of publications and journals that served as data for our analysis (see Table 2 ).
Co-authorship maps
Based on the data, we have created co-authorship matrices between the selected researchers, which we visualized via co-authorship maps in VosViewer 1.6.6 (Van Eck and Waltman 2010; Ranjbar-Sahraei and Negenborn 2017) (see Fig. 1a in "Results" section and Figs. 2, 3, 4, 5, 6, 7, 8, 9, 10a) .
Locate the most influential sub-community in each field
In order to find out which sub-communities had the highest influence on specific field in terms of cooperation, we calculated the centrality measures in the cooperation networks. We have selected the three most frequently used centrality indicators, namely, betweenness, degree, and closeness (Wasserman and Faust 2016) . These measurements highlight the position and connectedness of the particular researcher. The converted network files from VosViewer were transferred to Pajek64 5.03 (Batagelj and Mrvar 2003) to calculate the centrality measurements. To implicate the pattern of presence in within-and intercontinental collaboration, we selected out the 10 most influential researchers who have the highest scores in each of the centrality measurements, listed their belonging countries, focusing on the African countries. This was important in order to gain a picture about the distribution of research collaboration in the selected fields on the continent (Table 3 in "Results"  section and Tables 7, 8 , 9, 10, 11, 12, 13, 14, 15 in "Appendix") . Furthermore, we have conducted a Louvain Modularity analysis, using Pajek, on each of the networks that depict the collaboration between African and non-African researchers in each field. This was done to identify the exact sub communities that collaborate frequently. This method is based on the density of connecting edges and compares the inside to the outside of the selected community in the network (see Figs. 1, 2, 3b) (Blondel et al. 2008) . We selected this tool of modularity since it is both intuitive and easy to generate compatible text files that can be fed into VosViewer.
Authorship position
Furthermore, we have looked at the number of authors for each publication and have conducted an analysis of their authorship position. We have counted the number of authors whose affiliated addresses are most often located in South Africa and take first and/or last authorship positions in publications in the selected fields. This step allows for a more accurate picture of the role of the South African research community in the scientific collaborative process while also clarifying the influence and presence of these researchers in each field and publication. Typically, the first author position indicates the most influence and effort given to the writing of the publication, while the last position is frequently assigned to the senior author, typically independent of the level and amount of contribution given by that author (Bhattacharya 2010) . Between these two positions, the line of authors is typically defined by the relative contribution to the writing process (Bhattacharya 2010) . In addition, the authorship position allows us to have better insight about the actual impact and effort given by the selected authors on the publications. This relation also helps exploring the reasons for the selection of preferred topics by the major funding organizations involved in supporting the publications selected for our analysis (see next paragraph; Table 5 in "Results" section).
Funding organizations of South African publications
Based on the data we have selected, we identified the 10 most frequently involved funding organizations which are supporting publications that have at least one author whose affiliated addresses are most often located in South Africa (see Table 6 in "Results" section). In Table 5 , we included the primary scientific field that each funding organization has contributed towards within South Africa. In addition, we selected the top 10 most involved funding organizations, per field, from around the world, that are providing financial support for publications in which at least one author, with a South African address or alternative address, is contributing. The identification of the involvement of funding organizations creates the possibility to gain clarity about underlying perspectives and motives of the scientific collaborative projects that turn into publications. We have done this analysis for each of the 10 fields (see Table 6 in "Results" section; see Tables 16, 17, 18, 19, 20, 21, 22, 23, 24 in "Appendix").
Results

Most influential African researchers in the cooperation network
The analysis show that based on the calculated centrality measures, South African collaborative presence, dominates in Zoology, Ecology, Water Resources, and Plant Sciences Tables 7 , 8, 9, 10, 11, 12, 13, 14, 15) . This means that the most central collaborating author is affiliated to a South African institution for four of the 10 identified fields. However, the centrality measures also depict the amount of co-publications that are present between authors located on the African continent, for our purpose the most important result is their relative position on the lists (see Table 3; see Tables 7, 8 , 9, 10, 11, 12, 13, 14, 15 in "Appendix"). These positions work as indicator for their cooperative influence in the sub-community, based on the field and geographical location. Overall, these results are a clear depiction of the role of South African research communities as prominent beacons for intercontinental scientific collaboration in at least four different major scientific fields based on our results.
Furthermore, the generated collaboration maps show the amount of intercontinental cooperation for each selected field as well as the identified hubs on the African continent: Fig. 1a (see Figs. 2, 3, 4, 5, 6, 7, 8, 9, 10a in "Appendix"). These hubs further indicate the involvement of the South African research community in between-and within continent cooperation in the aforementioned four fields (Zoology, Ecology, Water Resources, and Plant Sciences). In order to select the most influential intercontinental cooperative communities, we have created maps based on the Louvain Modularity scores that were assigned to each node in the underlying cooperation networks (see Fig. 1b ; see Figs. 2, 3, 4, 5, 6, 7, 8, 9, 10b in "Appendix"). The nodes and the corresponding tags represent the institutions that the publications are affiliated with (based on the CWTS database).
Figure 1a (and Figs. 2, 3, 4, 5, 6, 7, 8, 9, 10a in "Appendix") show that South African collaborative contributions are particularly dominant in the 4 aforementioned mentioned fields (see Figs. 3a , 4a, 6a, 10a in "Appendix"), an effect, which was also depicted by the centrality measures described above. Regarding the rest of the fields, we see a more scattered involvement of different authors from different countries throughout Africa, especially in Infectious Diseases, Tropical Medicine, Psychology, and Agricultural and Food Sciences. Regarding the field of Psychology, we see that a trend towards collaborating with non-Asian countries is apparent (see Fig. 2a ).
It is important to clarify that the depiction on the figures can be dependent on either the high number of authors per publication or the high number of publications in the field. The two possibilities have different qualitative value in the perspective of collaboration. This difference in the diversity of structure in communities of collaboration between fields can be supported by multitude of reasons, for example specific institutional interests, geopolitical underpinnings, or global scientific projects, which are outside of the scope of this paper. Finally, it is necessary to point out that the colouring on Fig. 1b (and Figs. 2, 3, 4, 5, 6, 7, 8, 9, 10b in "Appendix") highlights that the specific communities include majorly intercontinental cooperation, that also involve African presence, with field specific geographical biases that are also visible on Fig. 1a (and Figs. 2, 3, 4 , 5, 6, 7, 8, 9 , 10a in "Appendix"). These biases include, among others, European and Northern-American dominance and a higher frequency involvement of Asian institutions in biomedical related sciences (such as the field of Tropical Medicine). Outside of the field of Tropical Medicine, South Africa's presence is clearly observed and is distinguished with respect to establishing frequent international collaborations on the African Continent.
Authorship position
In order to identify the direct impact of the selected authors on the particular publications, we have counted the amount of papers where these researchers were named as first and/or last authors. Note that for this analysis, we have only included scientific publications where at least two authors were listed (see Table 4 ).
The highest proportion of first authors is in the field of Psychology, followed by Agricultural and Food Sciences, Water Resources, Zoology and Ecology (see Table 4 ). These fields show a first authorship rate of over 15% of the total number of publications (equal or more than 2 authors per publication), while the rest of the selected fields span between 10 and 14%. Concerning the last author position, most are found in the Plant Sciences, followed by Zoology, Water Resources, and Ecology (see Table 4 ). The results show that, other than in the field of Psychology, first author position for authors that have registered addresses and/or alternative address in South Africa is always below 20% of the total amount of publications. These results highlight the fact that even though the total amount of cooperation involving authors with addresses registered in an African country is highest in the fields of Ecology and Zoology; this does not mean that they are the first authors of those publications. The combination of the cooperation maps with the authorship position draws a more accurate picture about the impact of the selected fields and the level of influence of authors located in South Africa.
Overall and field based funding profiles (ZA)
We have found that, regarding the involvement of funding organizations, the majority tend to prioritize Astronomy and Astrophysics as well as Particle and Field Physics (see Table 5 ). This could be explained by several causes. First, it is the presence of supporting institutions, mainly with focus of funding priorities coming out of European and NorthernAmerican countries, and apparatuses, such as Southern African Large Telescope (SALT), that give a significant advantage to South Africa in these fields (Whitelock and Oluseyi 2008) . Second, the current evolution and trend in technological inventions and modifications, specifically, recent inventions in quantum technology, allow for the testing of the underlying theoretical concepts that have been around in the last few decades (O'Brien 2017; Preskill 2018). In addition, the necessarily high amount of investment in these technologically demanding fields presupposes the deployment of more global and financially extensive investment policies (Gibney 2016) . Furthermore, these fields are considered mega-sciences where sometimes hundreds of different researchers contribute to the publication (Kahn 2017) . This underlying trend also contributes to the higher amount of funding that is shown by our analysis. Based on the summation of funded publications across the different fields, we found that the three most frequently involved funding organizations are the National Research Foundation of South Africa (2333 funded publication), National Institute of Allergy and Infectious Diseases (698 funded publications), and the Wellcome Trust (535 funded publications) (see Table 6; see Tables 16, 17, 18, 19, 20, 21, 22, 23, 24 in "Appendix"). It is important to highlight these institutions since they contribute to a quantity of publications that is above the overall mean of the top 10 most involved institutions. However, it is important to clarify that the main authors, who are not always the selected authors with registered address in South Africa, define the direction and subfield of the publications. This also means that these authors are the ones responsible for the establishment of the funding relation. With this in mind, it is important to evaluate the emerging results in the light of the analysis we conducted on the number of co-publications in combination with the authorship positions that are taken by the selected authors.
Discussion
Limitations
The observed results should be taken cautiously due to some limitations of the analysis. First, it is important to clarify that in our analysis, collaboration is based on co-authorship, which may not accurately represent the many forms of collaboration that might occur (Kahn 2017) . The nature and direction of collaboration are not indicated by listing only co-authorship, especially in the prior mentioned mega-science fields such as Astronomy or Particle Physics (Kahn 2017) . Second, the WoS has the common shortcoming of other international databases of not including some of the scientific publications that are published in African journals (Cloete et al. 2015) . Nevertheless, this quantity has decreased in the last decade (Cloete et al. 2015) . Third, we used a 17 year publication window (from 2000 until 2017), which does not include the most up to date (published in 2018) publications, since, at the time of the analysis, the database did not have this information. Fourth, the selected fields for analysis were not a comprehensive account of African science. In future analyses, a higher diversity of fields can be included. Finally, the statistical tools, including the centrality measures and the Louvain modularity analysis, were chosen as these are widely applied in network analysis, but other tests and measurements can potentially be included in the future.
Conclusion
Based on the conducted analysis, we can conclude that, even though the South African research community has a major role in intercontinental scientific collaboration, this influence is mainly manifested in the fields of Zoology, Ecology, Water Resources, and Plant Sciences. Furthermore, we can also see that, when considering the quantity of co-publications, more technical fields are featured more prominently across the African continent, which has been prior supported by Cloete et al. (2015) , as well.
In addition, the analysis measuring the position of authorship has shown that authors located in South Africa take first author positions the most frequently in Psychology compared to the rest of the fields. In addition, the combination of authorship analysis and collaboration maps has shown that there is dominance in the aforementioned fields (Zoology, Ecology, Water Resources, and Plant Sciences) but this influence has to be carefully interpreted in the light of the position the selected authors take. From the perspective of emergent social and/or economic issues, research institutions are naturally in the need to channel significant resources to scientific research involving regional problems related, specifically, to Africa (locally relevant diseases, maintenance of ecological and zoological resources). On the other hand, the main research institutes must widen their approach towards other fields and areas of socio-cultural relevance that potentially help increasing international cooperation, which in return heightens the level of scientific production and research skills. This means that research deemed valuable to the international research community is unlikely to be identical to locally relevant research, as researchers face a potential conflict between choosing to emphasize research that is locally or internationally relevant.
Moreover, it became visible, through the conducted Louvain Modularity analysis on collaborating communities that intercontinental collaboration is under major expansion. In addition, it was shown that Astronomy and Astrophysics, as well as Particle and field physics, take up the majority of primary positions in the investment agenda of the most influential funding organizations. Even though this highlights the current direction and preference of scientific funding and the demand of substantial input these two fields require, this pattern seems quite problematic due to the questionable local need to have these fields (astronomy/ astrophysics/particle and field physics) taking up funding priority and if they eve address priorities on the African continent. This is a clear indicator of the still present western influence on the agenda setting of African science through financial means. It is also necessary to see that the National Research Foundation (NRF) still provides the highest contribution to the selected fields, even though its planned funding cuts had a serious impact on the South African academic community (Wild 2017) . As some authors have already highlighted it is very important for the future of African research to establish a balanced partnership with researchers and institutions located in Africa and ensure that the quantity and quality of involvement is equally discussed and agreed upon (Dodsworth and Cheeseman 2017) .
Finally, the conducted analysis supports the fact that, even though South Africa has a dominant presence in the continental scientific collaboration process, further research is needed to rigorously investigate the presence and influence of other African countries regarding within-and intercontinental scientific collaboration. 
